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(57) ABSTRACT

To improve the reliability of a control in a control system for
devices included in an aircraft, such as engines. An engine
control system 10 for controlling engines 11 of an aircraft
includes a FADEC 30 including a calculation processing unit
33 for performing control calculation, and a first memory 321
for storing abnormality detection information that indicates
that the calculation processing unit 33 detects an abnormality
occurred in a sensor 20 and an actuator 21 used for a control.
The abnormality detection information is not erased but still
stored in the first memory 321 since the first memory 321 is
not cleared even if the engine 11 is stopped. As a result,
referring to the abnormality detection information makes it
possible to avoid using a device having a low reliability, in
which an abnormality is detected, for the control.

7 Claims, 3 Drawing Sheets
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1
CONTROL SYSTEM INSTALLED IN
AIRCRAFT, COMPUTER READABLE
STORAGE MEDIUM AND AIRCRAFT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a control system for con-
trolling, for example, an engine of an aircraft, and to a com-
puter program.

2. Description of the Related Art

Engines of aircrafts are controlled by a control computer
called FADEC (Full Authority Digital Engine Control).

The FADEC controls engines so as to obtain optimal per-
formances in terms of safety and fuel efficiency.

The FADEC performs calculation based on a stored pro-
gram, using detection signals received from a variety of sen-
sors, and issues instructions to effect the operation of the
engines or peripheral devices. Meanwhile, the FADEC
detects an abnormality in a sensor included in a control sys-
tem if it occurs. The method of detecting abnormalities is
described in, for example, International Patent Application,
Japanese Publication No. 2012-510585.

Upon detecting an abnormality in a sensor, the FADEC
writes an abnormality detection flag indicating the abnormal-
ity detected in the sensor, to a memory. Referring to this flag
makes it possible to avoid using detection signals from the
sensor in which the abnormality is detected, for the control.

However, when the engines are stopped, the conventional
FADEC erases all the content in the memory except for the
program. At this time, the abnormality detection flag is also
erased. In addition, the abnormality detection information is
also erased in the case where a power source of the FADEC is
turned off and the energization to the memory is shut off.

The abnormality flag is thus not utilized for improving the
reliability of the control.

The present invention has an object to improve the reliabil-
ity of a control in a control system for a device included in an
aircraft, such as an engine.

SUMMARY OF THE INVENTION

A control system of the present invention for controlling an
engine of an aircraft includes a control computer that includes
a calculation processing unit for performing control calcula-
tion, and a storage for storing abnormality detection informa-
tion that indicates a detected abnormality in a device used for
an engine control, the abnormality being detected by the
calculation processing unit, and the abnormality detection
information is not erased but still stored in the storage even if
the engine is stopped.

The abnormality detection information can be still stored
in the storage by a program executed by the control computer
included in the control system.

In the present invention, since the abnormality detection
information is still stored in the storage even if the engine is
stopped, referring to the abnormality detection information
makes it possible to avoid using a device having a low reli-
ability in which the abnormality is detected, for the control.
The engine can be then controlled with only devices in which
no abnormality is detected, which in turn allows for improv-
ing the reliability of controlling the engine.

In the control system of the present invention, it is prefer-
able that the storage has volatility, and the abnormality detec-
tion information is not erased but stored in the storage even if
the engine is stopped as long as a power source of the control
computer is on.
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In the present invention, stored content is not cleared and
the abnormality detection information is stored in the storage
even if the storage is not nonvolatile, as long as the power
source of the control computer is on when the engine is
stopped.

As a result, the device in which any abnormality has been
detected until the last operation of the engine finished can be
grasped on the basis of the abnormality detection informa-
tion, without waiting for the abnormality to be detected again
after the engine is started the next time. The engine can be
then controlled using only devices in which no abnormality is
detected.

In the control system of the present invention, it is prefer-
able that the storage has nonvolatility, and the abnormality
detection information is not erased but still stored even if the
power source of the control computer is turned off and the
energization to the storage is shut off.

Thereby, after the power source of the control computer is
turned on to start, a device in which an abnormality has been
detected until the computer finished operating the last time
can be grasped on the basis of the abnormality detection
information, without waiting for the abnormality to be
detected again after the computer starts the next time. The
engine can be then controlled using only devices in which no
abnormality is detected.

Although the device in which the abnormality is detected
can be repaired or changed on the basis of the abnormality
detection information, there is the case where the device is
hard to maintain while the power source of the control com-
puter is on.

In this case, it is useful for the improvement of the reliabil-
ity of the control to use a nonvolatile storage, and to take over,
at the time when the power source of the control computer is
turned on, the abnormality detection information on the
device in which the abnormality had been detected before the
computer finished operating the last time.

In the control system of the present invention, it may be
configured to include a sensor and an actuator as the afore-
mentioned device used for the engine control, and a detection
signal of the sensor is used for the control calculation, and the
actuator is operated on the basis of the results of control
calculation. In this case, abnormality detection information
on at least one of the sensor and the actuator is stored in the
storage.

The control system of the present invention may apply to a
control object other than an engine of an aircraft. Also in this
case, the control object can be controlled with only devices in
which no abnormality is detected, enables to improve the
reliability of controlling.

Further, the present invention provides a computer read-
able storage medium storing a computer program. The com-
puter program is used for controlling an engine of an aircraft,
wherein a calculation processing unit for performing control
calculation based on the computer program causes the afore-
mentioned abnormality detection information to be still
stored in a storage without being erased even if the engine is
stopped.

According to this computer program, since the abnormal-
ity detection information is still stored in the storage even if
the engine is stopped, referring to the abnormality detection
information makes it possible to avoid using a device having
a low reliability, in which any abnormality has been detected,
for the control. The engine can be then controlled with only
devices in which no abnormality is detected, which in turn
allows for improving the reliability of controlling the engine.
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According to the present invention, it is possible to
improve the reliability of the control system installed in the
aircraft.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a schematic configura-
tion of a FADEC installed in an aircraft according to a first
embodiment of the present invention;

FIG. 2 is a schematic diagram showing sensors and actua-
tors included in the FADEC; and

FIG. 3 is a block diagram showing a schematic configura-
tion of a FADEC according to a second embodiment of the
present invention installed in the aircraft.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The embodiments according to the present invention will
be described below with reference to the drawings.

First Embodiment

An engine control system 10 shown in FIG. 1 is used for
controlling engine 11 of an aircraft.

The engine control system 10 includes an electrical system
12 and a hydraulic system 13, and a FADEC 30 being a
control computer for electrically controlling the engine 11 via
the electrical system 12 and the hydraulic system 13.

The FADEC 30 has operation modes for the engine 11 such
as start, acceleration, stationary, deceleration, and stop, and
when a pilot handles a throttle lever 17 for the engine 11 to
select the operation mode, controls the engine 11 so as to
obtain optimum performances in terms of safety and fuel
efficiency.

The FADEC 30 is configured to control each of multiple
the engines 11 included in the aircraft.

The FADEC 30 is started when the power source thereof'is
turned on, on its flight. Turing on the power source can be
made by the operation of a power switch 15 or the like.
Turning on the power source of the FADEC 30 causes parts of
the engine control system 10 to activate.

Each of the engines 11 is started by the operation of a
starting switch 16 connected to the FADEC 30. The FADEC
30 operates until the end of the flight while controlling the
engines 11. When the power source of the FADEC 30 is
turned off, operation of the entire engine control system 10 is
stopped.

The FADEC 30 controls an ignition device (not shown) and
a fuel controller (not shown) as peripheral devices of the
engines 11. These devices and the engines 11 are operated by
the electrical system 12 and the hydraulic system 13.

The electrical system 12 includes a variety of sensors and a
variety of actuators.

The hydraulic system 13 also includes a variety of actua-
tors and a variety of sensors.

These sensors and actuators are selectively used depending
on the operating status of the engines 11.

A variety of sensors 20 and actuators 21 belong to the
electrical system 12 or the hydraulic system 13 are shown in
FIG. 2. Each of the electrical system 12 and the hydraulic
system 13 includes a first system 25 and a second system 26,
which are the same two systems, in a duplex manner so as to
have redundancy, and the sensors 20 and the actuators 21 are
provided in each of the first system 25 and the second system
26.
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Each of the first system 25 and the second system 26 are
provided with a sensor 20 for detecting the number of revo-
Iution of the engine 11, a sensor 20 for detecting the tempera-
tures of parts of the engine 11, a sensor 20 for detecting the
degree of opening of fuel measuring valve, and the like.

In addition, each of the first system 25 and the second
system 26 are also provided with an actuator 21 for opening/
closing the fuel measuring valve of'the engine 11, an actuator
21 for driving a stator vane of the engine 11, and the like.

The above-described sensors 20 and the actuators 21 are
merely one example, and there are a large number of sensors
20 and actuators 21.

The sensors 20 included in the respective first system 25
and second system 26 have the same structure and function,
and can be replaced with each other if they are both normal.
These two sensors 20 are given different IDs (Identifiers).

The detection signals from one or both of the two sensors
20 are obtained by the FADEC 30 and used for the control
calculation.

In addition, The actuators 21 included in the respective first
system 25 and second system 26 also have the same structure
and function, and can be replaced with each other if they are
both normal. These two actuators 21 are also given different
1Ds (Identifiers).

One of the two actuators 21 operates on the basis of calcu-
lation results by the FADEC 30.

The FADEC 30 includes an inputting/outputting unit 31, a
memory 32 for storing data, and a calculation processing unit
33 configured by a CPU (Central Processing Unit), etc. and is
called ECU (Engine Control Unit).

The FADEC 30 further includes an outputting device for
outputting signal to display the control status, operation
mode, and operation command of the engines 11, an inputting
device for selecting an operation command. The illustrations
of these outputting device and inputting device are omitted.

The inputting/outputting unit 31 communicates with a core
system (not shown) for controlling the operation or the flight
of the aircraft. In addition, the inputting/outputting unit 31
receives detection signals from the sensors 20, or position
signals of the throttle lever 17, and outputs control signals to
driving circuit for the actuators 21.

The memory 32 includes a first memory 321 being a vola-
tile storage such as RAM (Random Access Memory), and a
ROM 320 being a nonvolatile storage such as an EEPROM
(Electrically Erasable Programmable Read-Only Memory).

The first memory 321 stores a computer program (hereaf-
ter, referred to as program) being engine control software read
from the ROM 320, data used in the program, and values of
sensor 20 used for the calculation.

The first memory 321 typically stores the data only while
being energized. The first memory 321 stores the program
that is read from ROM 320 when the FADEC 30 is started, the
calculated values calculated as a result of running the pro-
gram, as well as abnormality detection information indicating
that abnormality is detected in the sensor 20, the actuator 21,
etc.

In contrast, the ROM 320, being nonvolatile, still stores the
data, even after the power source of the FADEC 30 is turned
off and the energization thereto is shut off.

The ROM 320 stores data necessary for initializing the
FADEC 30 on starting up, the program, and the like before
shipment.

The calculation processing unit 33 operates based on the
program.

The calculation processing unit 33 performs the calcula-
tion on the basis of, for example, an engine operating state
notified from the core system, detection signals from the
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sensors 20 of the electrical system 12, detection signals from
the sensor 20 of the hydraulic system 13 through the electrical
system 12, and position signals of the throttle lever 17 and the
like. The calculation processing unit 33 then outputs, on the
basis of the calculation result, control signals to effect the
operation of the variety of actuators 21 of the electrical sys-
tem 12 and the hydraulic system 13. The control signals are
transmitted to an actuator driving circuit, which drives the
actuators 21. The actuator driving circuit is provided in the
electrical system 12 or the FADEC 30.

In this way, the calculation processing unit 33 performs the
calculation using the detection signals from the sensors 20,
and outputs, on the basis of the calculation result, the control
signal to operate the actuators 21.

Based on the program, the calculation processing unit 33
detects an abnormality in the sensor 20 or the actuator 21 due
to a failure.

Upon detecting an abnormality in the sensor 20 or the
actuator 21, the calculation processing unit 33 outputs signals
to display a message, as needed.

The calculation processing unit 33 then causes the first
memory 321 to store abnormality detection information on
the sensor 20 or the actuator 21 in which the abnormality is
detected.

The abnormality detection information is configured in
association with the sensor 20 or the actuator 21 in which the
abnormality is detected so as to identify the sensor 20 or the
actuator 21. The abnormality detection information of the
present embodiment contains the ID of the sensor 20 or the
actuator 21 in which the abnormality is detected. In addition
to the ID, a date and time at which the abnormality is detected
may be contained. The abnormality detection information can
be optionally configured.

A method with which the calculation processing unit 33
detects an abnormality in the sensor 20 and the actuator 21 is
optional. For example, with respect to data on outside air
temperatures, assume that the average value of values
detected from a plurality of outside air temperature sensors
provided on an airframe is being calculated. In such a case, if
the detected value of one sensor among the plurality of out-
side air temperature sensors exceeds a threshold value with
respect to a detected value of other sensors, the sensor with
the detected value exceeding the threshold value can be con-
sidered to be anomalous.

The calculation processing unit 33 causes the first memory
321 to store the abnormality detection information every time
the abnormality is detected in the sensor 20 or the actuator 21.
The abnormality detection information is accumulated in the
first memory 321.

When using the detection signals of the sensors 20 for the
control, the calculation processing unit 33 refers to the abnor-
mality detection information in the first memory 321 based on
the program. The calculation processing unit 33 then con-
firms whether or not there is abnormality detection informa-
tion containing the ID given to the sensor 20. Since the IDs are
separately given to the duplexed sensors 20 and 20, the con-
firmation is made to both the IDs of the sensors 20 and 20.

If there is the abnormality detection information on the ID
of'the confirmation object in the first memory 321, the detec-
tion signals of the sensor 20 given the ID is not used for the
control calculation, but the detection signals of the other
sensor 20 being normal is used for the control calculation.

If abnormalities are detected in both the sensors 20 and 20,
and there are pieces of abnormality detection information
each containing the respective IDs, the detection signals of
both the sensors 20 and 20 are not used for the control.
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If abnormalities are detected in both the duplexed sensors
20 in a large number of sensors 20, the engine 11 can contin-
ued to be operated using default setting values. Under circum-
stances where it is however still difficult to continue the
operation of the engines 11, a pilot is urged to stop the engine
11 by means of, for example, displaying a message or sound-
ing an alarm. If the engine 11 is stopped, the flight can be
continued by the remaining engine 11.

The case where abnormality is detected in the actuator 21
is dealt with as with the case of the sensor 20.

When activating the actuators 21 on the basis of the calcu-
lation result, the calculation processing unit 33 refers to the
abnormality detection information in the first memory 321
based on the program. The calculation processing unit 33 then
confirms whether or not there is abnormality detection infor-
mation containing the ID given to the actuator 21 with respect
to both the IDs of the duplexed actuators 21 and 21.

Ifthere is the abnormality detection information on the ID
of'the confirmation object in the first memory 321, the actua-
tor 21 given the ID is not operated, but the other normal
actuator(s) 21 is operated, and if abnormalities are detected in
both the actuators 21 and 21 and there are pieces of abnor-
mality detection information each containing the respective
1Ds, both the actuators 21 and 21 are not operated.

The case where abnormalities are detected in both the
duplexed actuators 21 in a large number of actuators 21 can be
dealt with as with the case of the sensors 20.

Furthermore, abnormality detection information is typi-
cally stored in the first memory 321, read speed of which is
faster than that of the ROM 320. This can increase the speed
of the calculation processing, and can improve the respon-
siveness of the control.

The abnormality detection information is still stored in the
first memory 321 regardless of the operating or the stopping
of the engines 11, and is not erased (reset) from the first
memory 321 even when the starting switch 16 is turned off. As
with the abnormality detection information, the program read
in the first memory 321 and the variety of calculated values
are not erased from the first memory 321 even when the
starting switch 16 is turned off.

As aresult, the abnormality detection information will not
be erased from the first memory 321 even if the pilot actively
stops the engine 11 by turning off the starting switch 16, or the
engine 11 is stopped due to, for example, a rainstorm blowing
in the engine 11.

That is, as long as the power source of the FADEC 30 is
tuned on when the engine 11 is stopped, the stored content is
not cleared and the abnormality detection information is
saved in the first memory 321.

Based on the abnormality detection information stored in
the first memory 321, the calculation processing unit 33
thereby knows the sensor 20 or the actuator 21 in which any
abnormality has been detected until the last operation of the
engine finished, without waiting for abnormality to be
detected again after the engine is started the next time.

According to the present embodiment, when abnormality
is detected in the sensor 20 or the actuator 21, the engine 11
can be thereafter controlled using only the sensors 20 and the
actuators 21 of reliability without using the sensor 20 or the
actuator 21 in which the abnormality has been detected, on
the basis of the abnormality detection information.

Itis thereby possibleto perform a stable and reliable engine
control, without the possibility that the detection of a failure
is delayed or the possibility that the engine 11 suddenly has a
loss of function in the event that the engine 11 runs away out
of control or that the engine breaks down.
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As described above, if the abnormality detection informa-
tion stored in the first memory is not erased when the engine
11 is stopped, it is possible to avoid using a sensor or an
actuator having a low reliability on the basis of the abnormal-
ity detection information, while the FADEC 30 is energized,
which allows for achieving the object of the present invention
to improve the reliability of the control.

Maintenance of the sensor 20 and the actuator 21 can be
conducted on the basis of abnormality detection information,
while the power source of the FADEC 30 is not turned off and
the first memory 321 for storing abnormality detection infor-
mation is energized.

According to the present embodiment, since the data stored
in the first memory 321 is not erased when the engine 11 is
stopped, the engine 11 can be quickly restarted, which in turn
contributes the stability of the flight.

Now, if the first memory 321 stores abnormality detection
information, the engine 11 may not be restarted in the case
where abnormality detection information is referred to based
on the program when the engine 11 is started and it is deter-
mined whether to start the engine 11 on the basis of the
abnormality detection information. However, in the present
embodiment, erasing the abnormality detection information
is not recommended in order to securely restart the engine 11
since the flight can continue with the remaining engine 11
even if failure of some engines 11 among the plurality of
engines 11 occurs. The present embodiment puts emphasis on
performing the control with high reliability using only the
sensors 20 and the actuator 21 in which no abnormality is
detected, rather than restarting the engine 11 in an insecure
state.

Second Embodiment

A second embodiment of the present invention will be next
described with reference to FIG. 3.

The second embodiment differs from the first embodiment
in that abnormality detection information is not stored in the
first memory 321 being volatile but stored in a second
memory 322 being nonvolatile. Other points are similar to
those of the first embodiment, and components similar to
those of the first embodiment are denoted by the same refer-
ence numerals.

The FADEC 30 includes a ROM 320, a first memory 321
being volatile, and a second memory 322 being a nonvolatile
storage such as EEPROM (Flectrically Erasable Program-
mable Read-Only Memory).

As the second memory 322, storages which can retain data
even if the energization thereto is shut off, can be used regard-
less of storage schemes, including semiconductor memories
such as flash memories, FeRAMs (ferroelectric random
access memories), PRAMs (Registered Trademark) (phase-
change memories), RRAMs (Registered Trademark) (resis-
tive rams), EEPROMs (Electrically Erasable Programmable
Read-Only Memories), magnetic storages such as hard disks,
and optical discs.

Since the second memory 322 is nonvolatile, abnormality
detection information stored therein is not erased but still
stored in the second memory 322 even after the energization
to the second memory 322 is shut off with turning off the
power source of the FADEC 30.

The abnormality detection information is not erased unless
an erasing command for abnormality detection information
prepared in the program is not executed.

As aresult, when the FADEC 30 is started in the next flight,
the calculation processing unit 33 is to know a sensor 20 and
an actuator 21 in which the abnormality is detected, from the
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beginning of the start on the basis of abnormality detection
information in the second memory 322.

That is, after the power source of the FADEC 30 is turned
on, the sensor 20 or the actuator 21 in which the abnormality
is detected can be grasped on the basis of the abnormality
detection information in the second memory 322, without
waiting for abnormality to be detected again with respect to
the sensor 20 or the actuator 21 in which abnormality is
detected up to the previous flight.

Thus, referring to the abnormality detection information
makes it possible to avoid using a sensor 20 or an actuator 21
having a low reliability, in which the abnormality is detected,
for the control. The engines 11 can be then controlled with
only the sensors 20 and the actuator 21 in which no abnor-
mality is detected, which in turn allows for improving the
reliability of controlling the engines.

The abnormality detection information can be erased by
operating the inputting device of the FADEC 30 or by oper-
ating a maintenance computer connected to the FADEC 30
after the maintenance of the sensor 20 or the actuator 21 in
which the abnormality is detected is conducted on the basis of
the abnormality detection information.

Before the abnormality detection information is erased
from the second memory 322, the abnormality detection
information can be read by the maintenance computer and
saved in a nonvolatile memory of the maintenance computer
as a history of abnormality detection information.

In each of the embodiments, abnormality detection infor-
mation can be stored for only either the sensors 20 or the
actuators 21.

In addition, abnormality detection information of devices
other than the sensors 20 and the actuators 21 can be targeted.

In addition to abnormality detection information on a sen-
sor 20 or an actuator 21, other information intended to be used
for controlling the engines 11 or improving the control quality
can be still stored in the storage.

For example, accumulating executed control commands
for the FADEC 30 in the storage can help improve the control
quality through analyzing the data content in the storage.

The configurations of the engine control system 10
described in the above embodiments are merely one example,
and a variety of modifications are allowed.

In addition, the present invention can be applied not only to
the engine control system 10 including the FADEC 30, but
also to a control system for storing, while controlling devices
(control objects) included in an aircraft, abnormality detec-
tion information on devices such as sensors used for the
control.

The control system can be configured in a variety of forms
in conformity with control objects, and part of or the whole of
the hydraulic system may be absent.

In the control system, using a nonvolatile storage for stor-
ing abnormality detection information allows abnormality
detection information not to be erased when the energization
to the storage is shut off. Thus, referring to the abnormality
detection information makes it possible to avoid using a
device such as a sensor in which abnormality is detected, for
the control.

In addition, even in the case where a nonvolatile storage is
not used, it is possible to avoid using a device such as a sensor
in which any abnormality is detected at starting the control
object the next time, for the control, as long as the power
source of the control computer is on and the memory is not
reset when operation of the control object is stopped.

Apart from the above, the configuration described in the
aforementioned embodiment may be chosen or changed to
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other configurations as appropriate without departing from
the gist of the present invention.

What is claimed is:

1. A control system for controlling an engine of an aircraft,
the control system comprising a full authority digital engine
control (“FADEC”) including a calculation processing unit
for performing control calculation, and a storage for storing
abnormality detection information that indicates a detected
abnormality in a device used for an engine control, the abnor-
mality being detected by the calculation processing unit,
wherein the abnormality detection information is not erased
but still stored in the storage even if the engine is stopped, as
long as a power source of the FADEC is on.

2. The control system according to claim 1, wherein the
storage has volatility.

3. The control system according to claim 1, wherein

the storage has nonvolatility, and

the abnormality detection information is not erased but still

stored even if the power source of the FADEC is turned
off and the energization to the storage is shut off.

4. The control system according to claim 1, wherein the
control system comprises a sensor and an actuator as the
device used for the engine control,

10
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a detection signal of the sensor is used for the control
calculation; and

the actuator is operated on the basis of results of the control
calculation, wherein

abnormality detection information on at least one of the
sensor and the actuator is stored in the storage.

5. The control system according to claim 1, wherein

the FADEC further comprises an inputting/outputting unit
that communicates with a core system for controlling an
operation or a flight of the aircraft.

6. The control system according to claim 4, wherein

the FADEC further comprises an inputting/outputting unit
that communicates with a core system for controlling an
operation or a flight of the aircraft, and

the inputting/outputting unit receives a detection signal
from the sensor, and outputs a control signal to a driving
circuit for the actuator.

7. An aircraft comprising the control system according to
claim 1.



